PROCEEDINGS

OF SCIENCE

Inverse Compton radiation from GRB afterglows in
the VHE range

Jagdish C. Joshi*

Centre for Astro-Particle Physics (CAPP) and Department of Physics, University of
Johannesburg, PO Box 524, Auckland Park 2006, South Africa
E-mail: jjagdish@uj.ac.za

Soebur Razzaque

Centre for Astro-Particle Physics (CAPP) and Department of Physics, University of
Johannesburg, PO Box 524, Auckland Park 2006, South Africa

E-mail: srazzaqueluj.ac.za

The observation of Gamma-ray bursts (GRBs) can be classified into prompt and afterglow emis-
sion. The prompt emission is observed for up to 100s of seconds after the trigger of the event while
a delayed and long-lasting afterglow emission is followed after this phase. The prompt emission
dominates in the y-rays (keV-MeV-GeV), while the afterglow emission mainly occurs in X-ray,
UV, optical, radio wavelengths and possibly in y-rays. In this work, we study the signature of
inverse Compton emission in the afterglow emission of GRBs. We consider the expansion of an
adiabatic blast wave into a constant density medium and use the observation of GRB 130427A
afterglow to constrain the model parameters. The flux produced via inverse-Compton mechanism
have been discussed and also possible detection by the Cherenkov Telescope Array mainly in the
range 30 GeV- 1 TeV have been discussed.
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1. Introduction

Gamma ray bursts (GRBs) are energetic explosions, which indicates either death of a massive
star (> 25M,) or merger of two compact objects in combination of a neutron star and a black-hole
[1—4]. In our current understanding, the GRB population follows a bimodal distribution based on
which, collapsar-based GRBs stay active for long duration (7g9 > 2s), and merger-based GRBs last
for very short duration (Tyg < 2s) [5, 6]. Ty is the time over which a GRB emits 90% of its total
measured fluence.

The Fermi gamma-ray space telescope have a keV-30 MeV gamma-ray burst monitor (GBM)
[7] and 20 MeV-300 GeV large area telescope (LAT) detector [8]. LAT emission from GRBs is
delayed compared to the low-energy GBM detection [9], and this emission extends to tens of GeV
energies, for example in GRB 130427A, a photon of energy 95-GeV was detected after 244 s of
the trigger [10]. For GRB 130427A, in our earlier work [11], we have discussed the origin of
the extended component could be the Fe-nuclei disintegration but the same mechanism can have
very high luminosity requirement for GRB 090926A and GRB 090902B [12]. The synchrotron
emission from GRBs, when the blast wave expands into the interstellar medium can explain the
multi-wavelength afterglow observations [13], but remains challenging to produce very high energy
(VHE), above 10 GeV emission.

In this work, we have studied the expansion of the GRB blast wave into the interstellar medium
with constant density and apply flux models to GRB 130427A data. We have also studied the
prospects for inverse Compton (IC) emission detection by ground based Cherenkov Telescope Ar-
ray (CTA). CTA will have two set of imaging atmospheric Cherenkov telescope (IACT), one in the
northern hemisphere (La Palma, Spain) and the other in the Southern hemisphere in Chile. Based
on the Fermi-LAT observation of GRBs the optimistic detection rate at CTA can be 1-2 events per
year [14]. In our model, the parameters are the density of the ambient medium g, blast wave kinetic
energy E;, microphysical parameters €., €g, which represent the fraction of jet kinetic energy in the
electrons and magnetic field respectively. Sensitivity of the CTA can access the GeV-TeV range of
energy from GRBs and can provide us more detail about the jet and microphysical parameters.

2. GRB blast-wave model and the afterglow radiation

The blast-wave from GRB events expands into the circum-burst medium (CBM) and deceler-
ates significantly, when the swept-up mass is comparable in energy with the injected kinetic energy
Ej in the blast-wave. The swept-up mass at deceleration radius r; from spherically symmetric
blast-wave is Mgy, = 47rrflmpn0 /3, where ng is the ambient medium density. The energy in the
swept-up mass in the stationary frame would be F(Z)Mswcz, where Iy is the initial Lorentz factor of
the blast-wave. From the condition E; = I%Mswcz, the deceleration radius is [15],

3E; 1/3 17 —1/31—=2/3 ~1/3
rqg = (47[1—‘(2)7”]762n()> =2.51x10 ng, FZ.S E55 cm. (21)

Where E; = 10°°Ess erg is the isotropic-equivalent kinetic energy of the blast-wave and Iy =
1023T, 5 is Lorentz factor at the trigger. The deceleration time is defined as t; = (1 +2)ry/ ZF%C,
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The Lorentz factor of the blast-wave evolves with time as I'(¢) = g (tgec/ 4t)3/ 8 and the radius

after deceleration time ¢ = 74, can be estimated using the time evolution of the bast wave radius
[16] as

T(1) = 136.1(142)*/3n, BB
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where a = 4 for an adiabatic blast-wave and 7, =¢/100 s. In the blast-wave collision with the ISM,
external shocks are produced which accelerate the electrons. The electron distribution assumed
to follow a power law distribution, with spectral-index p, N.d7, =< ¥, ”dy.. The electron Lorentz
factor ¥,, . and 7, in the jet frame are discussed below. The synchrotron cooling time is f;, =
3m,c?/(40rcy;Up), and inverse-Compton cooling time is #/c = 3m,c?/ (4GTcy3Uphr), where Up
is the magnetic energy density in the jet and Uy is the target photon energy density produced by
synchrotron emission. The cooling Lorentz factor can be estimated by comparing the total cooling
time #. = [1/t5, +1/ tic]~! with the dynamic or expansion time scale tayn =T/ (1+2)t as

_ 6mec?(1+2)
%l = orcB?(T(t)(1+Y) ] 4

In this work the Compton parameter has been modelled as ¥ = (&,/eg)"/?, which is valid for
fast cooling [17]. The saturation Lorentz factor comes by comparing the accelerating time scale
t..= ¢y.mec/eB (1), where acceleration efficiency ¢ = 10¢;, with the total cooling time 7. and is

given by
6me
(1) = . 2.5
10 = | gormTem, 23
The minimum Lorentz factor of the electrons for p > 2 [13] is
valr) = [ 226,221 (r) (2.6)
" Me ep -1 ' ‘

Electrons with these Lorentz factors cool at the external shock and radiate photons, the frequency
of these radiated photons are listed below [17, 18]. The synchrotron-self absorption frequency is
discussed in detail in [18], while the other three break fequencies are estimated using the cooling
frequency [16] as
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where B (1) = [32regnom,c?]'/?T'(t) and By = 4.41 x 10'3 G. The synchrotron break frequencies
are , with &, = 0.1¢, | and g =0.1€p ;.

Vo = 4.3x 10" (“’B?ii}l’)/ (142) e g ES ny 2(14-Y) Hz,
Ve = 5.64 % 104(142) V2, Png 'E P P (14 ) 2

Vi = 4.18x10'8 <I’jj>2 (1+2)" 2y €2 |Ei’t, He,

Ve = 712 1023 (142) 53¢, 'ng VB EL 3B (14+Y)  He 2.8)

Using these set of frequencies we have calculated the synchrotron flux in the fast cooling phase
with order of frequency v, < V. < V,,, < V; which are describes as [13]

(V/Va)z(va/VC)l/% V<V,

Fl— (v/ve)'/3; Va <V < Ve 09
(v/ve) V% Ve < V<V
(Vi /Ve) V2 (v vi) P 2exp(—V/vg); V> vy

1/2 E55n(1)/2D£%8 Jy, where D = 1028DL728 cm

the maximum synchrotron flux is, fm.x = 2.6(1 —|—z)eB
is the distance to the source. For N number of electrons in the jet, the inverse Compton flux is taken
as fmax =orN / 47R? =2 x lO*Sno( (t)/10'®) finax and the inverse Compton break frequencies are

2Ym\’a, m 2}/mvm and v 2y2vc respectively, also described in [17].

3. Calculation and Results

We have considered the MeV-GeV component observed for GRB 130427A during 130.05-
196.61 s in our modelling, also shown in Figure 1. We consider the kinetic energy of the blast-wave
is E; = 10% erg, which is expanding into the ISM with density 8 atoms/cm?. The red-shift z =
0.34, the electron spectral index p = 2.3 and microphysical parameters €, = 0.4 and €g = 0.0003
respectively. The synchrotron and SSC fluxes for these parameters, which fit the observational data
for GRB 130427A, is shown in Figure 1. We found that the slow cooling spectrum requires very
high luminosity to explain these fluxes in GRB 130427A.

The VHE photons will attenuate in the internal photon radiation field as well in the extra-
background light (EBL). At different times 130,200,500, 1000 s, as per our target photon distri-
bution in Figure 1, the Lorentz factors are 106, 90, 64 and 49 while the blast-wave radius evolve
in the range 2 — 4 x 10'7 cm with time. The internal attenuation has been calculated based on the
formalism discussed in [19, 11, 15] and for photons of energy 500 GeV the opacity is approxi-
mately 1073 and negligible. The attenuation in the extragalactic background light (EBL) for GRB
130427A at z = 0.34 allows the maximum energy of the observed photon approximately 300 GeV
[20], and this has been included as a cut-off in the inverse-Compton spectrum.

The inverse-Compton flux levels are compatible with the CTA sensitivity which is approxi-
mately 107!9 erg/cm? /s, for an observation time window of 100’s of seconds [21].
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Figure 1: The synchrotron and inverse-Compton fluxes for GRB 130427A at different time intervals. The
data points are taken from [22]. The synchrotron photon energy is limited by the saturation frequency vy,
while inverse-Compton component attenuation is calculated in the extra-background light (EBL) [20] as the
internal attenuation is negligible. The CTA sensitivity is shown for the VHE detection [21].

4. Conclusion and future Plan

In our work, we have calculated the synchrotron and SSC emission for the scenario of GRB
130427A for an adiabatic blast-wave scenario at the external-shock. We showed that the early af-
terglow photons are produced by the synchrotron component and the upscattered inverse-Compton
photons can produce the second peak in the spectrum. The sensitivity of CTA would discover these
components in future if any GRB of type 130427A occurs during its operation.
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